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Abstract—This paper deals with design and simulation of a voltage driver for piezoelectric actuator. A 
200V DC unregulated power supply is considered and simulated for the operational amplifier. The driver 
circuit comprises of an amplifier having an inverting terminal for setting a control input voltage signal 
with non-inverting terminal grounded and output terminal for the connection of the actuator load. Single 
stack of MLA 10*10*20 has capacitance of 4.4 micro farad which is observed as a load in this paper and 
analysis is done for single stack as well as multi stacks also. Voltage driven actuators are widely used as 
they are less complicated, cost effective for position control applications 
Keywords- Voltage Driver; PA93; Unregulated Power Supply 
I. INTRODUCTION 
Piezoelectric actuators are precise positioning 
ceramic transducers which convert electrical energy 
directly into displacement with high resolution, 
dynamics and short response time. The fundamental 
component of a piezoelectric stack actuator is a 
wafer of piezoelectric material sandwiched between 
two electrodes. A typical piezoelectric stack 
actuator is formed by assembling several of the 
wafer elements in series mechanically and 
connecting the electrodes so that the wafers are in 
parallel electrically [8][9].They are used with 
modern technology in various automation, robotics, 
micro biotechnology, space research and control 
applications 
 
Fig.1. Block Diagram of driver setup. 
The Fig.1 shows the basic block of driver setup 
wherein AC power is converted to unregulated DC 
using rectifier. The rectified DC, is further fed to 
power the amplifier. The input to the voltage 
amplifier can be generated using function generator 
or dSpace controller which can generate +/- 10V 
signals. 
II. PROPOSED DESIGN 
The Voltage driver is designed for inverting 
configuration [1][5][7] using Apex PA93 IC with a 
gain of 20. Fig. 2 shows the voltage driver circuit 
for a piezo actuator. 
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Fig.2. Circuit Diagram of voltage driver. 
Apex PA93 is a 12pin SIP operational amplifier 
having driving capability up to 400V, used as low 
cost solution for loads with output current of 8A, 
pulse currents of 14A and quiescent current 100mA 
[2]. 
 
Fig3. Pin description of APEX PA93 IC. 
Wherein +Vs and -Vs are power supply rails for IC. 
+IN and-IN representing non-inverting and 
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inverting terminals respectively. Cc, Rc and Rcl 
shows the compensation capacitor, resistor and 
current limiting resistor accordingly. 
A. Driver design considerations: 
Inverting configuration gain is given by  
  
  
 = 20                  (1). 
RF and R1 are chosen 20kΩ and 1kΩ accordingly. 
Bypass capacitors of 1µF and 33µF  are used for 
filtering the low and high frquency noises. Current 
is limited to 2A by utilising a 0.3Ω resistor. 
Compensation capacitor of 10 pico farad is 
provided for slew rate of 50V/µ sec and a gain of  
20. 
B. Unregulated DC supply design 
 
Fig4. Simulation of unregulated DC supply. 
 A High voltage DC of 200v is generated using 
full bridge rectifier consisting of 1N5408 
diodes and a filtered dc appears across 220µF, 
450V capacitor[3]. 
 Mosfet is a voltage controlled device,where 
input voltage to the gate pin controlls current 
from source to drain.The voltage to gate of 
IRF540 is regulated using 500K potentiometer. 
 Zener diode of 12V prevents over voltage to 
the transistor BC547. Current limiting resistor 
of 0.3Ω is provided for overcurrent protection 
along with the transistor. 
 When output current  increases,transistor 
BC547 immediately stops the gate pin of 
IRF540 for safety purposes.Variation in the 
potentiometer changes the DC output voltage 
upto 311V 
 
Fig 5. Plot showing output DC of 200V. 
III. FREQUENCY RESPONSE OF 
ACTUATOR 
The current vs frequency and voltage gain vs 
frequency plots for single and multi-stacks are 
obtained using PSpice software. 
The obtained load current at a frequency of 1 kHz 
for single stack and multi stacks is given in Table2. 
 
Fig 6. Plot of current versus frequency for a single 
stack of  4.4µF. 
 
Fig 7. Plot of voltage gain versus frequency for 
single stack of 4.4 µF. 
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Fig 8. Plot of current versus frequency for two 
stacks (8.8 µF) 
 
Fig 9. Plot of voltage gain versus frequency for 
two stacks (8.8µF). 
 
Fig 10. Plot of current versus frequency for six 
stacks (26.4 µF). 
 
Fig 11. Plot of voltage gain versus frequency for 
six stacks (26.4µF). 
TABLE I.  LOAD CURRENT THROUGH THE 
STACKS AT 1 KHZ FREQUENCY 
Number of 
MLA10*10*20 Stacks 
Current 
1 4.1455 A 
2 8.2914 A 
3 12.438 A 
4 16.584 A 
5 20.732 A 
6 24.879 A 
IV. SIMULATION OF VOLTAGE DRIVER 
FOR PIEZOACTUATOR 
 Apex PA93 component is created in Multisim 
software using the Netlist code provided by the 
manufacturer and is used for the simulation of 
Voltage driver. 
 Designed unregulated DC supply is enclosed 
in a block and connected to the driver circuit 
 
Fig 12. Simulation setup of the voltage driver 
 
Fig 13. Plot of input voltage versus amplified 
output voltage 
An input voltage of 3.5Vp-p is amplified with gain 
of 20,to produce 70V at the frequency 1Hz. 
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V. CONCLUSION 
Simulation plots show that when 2 stacks of MLA 
10*10*20, i.e a total capacitance of 8.8µF, current 
rises above 8A at 1kHz frequency.Further inclusion 
of stacks increases the continuous current 
limitations of the amplifier, hence should be 
operated at lesser frequencies. Charge driver can be 
developed as a further implementation using 
voltage driver where hysteresis is considerably 
reduced, but complexity increases 
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